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Aims: The orexin system is involved in anxiety behaviour and corresponding physio-
logical reactions and constitutes a target for treatment of anxiety disorders. ACT-
539313 is a potent, selective orexin-1 receptor antagonist being developed for the
treatment of anxiety disorders. This first-in-human study investigated its single-dose
pharmacokinetics (PK) including food effect, pharmacodynamics (PD), safety and
tolerability.

Methods: This double-blind, placebo-controlled, randomized study included
40 healthy male subjects. Ascending oral doses of 10-400 mg ACT-539313 were
investigated in 5 dose groups of 8 subjects (of whom 2 received placebo per dose
group). At 100 mg, subjects received ACT-539313 in fasted and fed conditions in a
fixed sequential design. PK, PD (objective and subjective measures of sedation and
effects on central nervous system), safety and tolerability were assessed.

Results: In fasted conditions, ACT-539313 was rapidly absorbed (median time to
maximum plasma concentration [Cax] 0.7-3.5 h) and cleared from plasma with a
mean terminal half-life of 3.3-5.7 h across dose levels. A 1.63-fold (90% confidence
interval: 1.26-2.11) increase in C,,.x and no change in area under the concentration-
time curve extrapolated to infinity was observed under fed compared to fasted con-
ditions. No relevant PD signals were detected except for a trend of reduced saccadic
peak velocity around time to C,.x. The most commonly reported adverse events
were somnolence and headache. All adverse events were transient and of mild or
moderate intensity. No treatment-related effects on vital signs, clinical laboratory or
12-lead electrocardiogram were observed.

Conclusions: ACT-539313 exhibits good safety and tolerability at single doses of up

to and including 400 mg that warrant further investigations.
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1 | INTRODUCTION

The orexin peptides (orexin-A and orexin-B) were discovered at the
end of the last century and act as endogenous ligands on the orexin-1
and -2 receptors (OX; and OX, receptors).?> The nomenclature of
the peptides and receptors conforms with the IUPHAR/BPS guide-
lines classification. The orexin-containing neurons are located in the
perifornical area of the lateral hypothalamus, which mediates survival-
related processes, such as circadian rhythm, arousal, fight-flight
responses or feeding behaviour.*

While dual orexin receptor antagonists (DORAs) have been
shown to promote sleep by inhibiting the output of wake active

5-10

neurons, antagonism of the OX, receptor alone is sufficient to

1112 and humans.*>'* In addition, evidence

prolong sleep in rodents
has emerged that demonstrates involvement of the orexin signalling
via OX, receptors in anxiety-like responses in rodents.***>17 Orexin
neurons have strong projections to anatomical sites such as the amyg-
dala, the bed nucleus of the stria terminalis and the periagueductal
grey, which are well known centres of stress and anxiety signal
integration.181?

Consistent with these anatomical connections, stimulation of
orexin peptide expression resulted in increased anxiety-related behav-
iour?® and associated physiological reactions in rodents.?* Johnson

.15 observed increased orexin concentrations in cerebrospinal

et a
fluid in subjects with panic disorder compared to controls.
Subsequently, first encouraging results in rats showed that selective
blockage of the OX; receptor resulted in attenuated panic- and

anxiety-associated responses in CO,-induced panic models”?2

as
well as a decrease in conditioned fear reactions.®

Taken together, this evidence indicates that the orexin system
represents a novel target for treatment of anxiety disorders. Although
a broad spectrum of anxiolytic drugs with various modes of action is
available, several drawbacks remain. Antidepressants, such as selec-
tive serotonin/serotonin-noradrenaline reuptake inhibitors, which are
widely used to treat anxiety disorders, initially cause increases in anxi-
ety before showing efficacy after several weeks of treatment and are
associated with a range of adverse effects such as weight gain, sleep
disturbances or sexual dysfunction®® as well as withdrawal syn-
dromes.2® Tricyclic antidepressants or monoamine oxidase inhibitors,
shown to have similar efficacy against anxiety as selective serotonin
reuptake inhibitors, both come with a significant safety burden.?®
While benzodiazepines are immediately effective, they can cause
sedation, cognitive impairment, and abuse and dependence liabili-
ties.2* Overall, still up to 50% of patients remain unresponsive to

t.2°> Therefore, there is an unmet medical need for anxiolytic

treatmen
drugs, especially with an advantageous safety and tolerability profile.
ACT-539313 ((4-methyl-2-[1,2,3]triazol-2-yl-phenyl)-[(R)-
3-(3-[1,2,3]triazol-2-yl-benzyl)-morpholin-4-yl]-methanone) is an
orally active, reversible, selective OX; receptor antagonist (1-SORA)
that readily crosses the blood-brain barrier. It shows antagonism at
the human OX; receptor in a Ca®*-release assay, with an apparent
equilibrium dissociation constant (K) of 0.69 nM and has similar

potency at human and different animal orexin receptors. The apparent

What is already known about this subject

o Current anxiolytic treatments are often associated with a
safety burden and lack of efficacy in a relevant number of
patients.

e The orexin system is involved in anxiety behaviour and
corresponding physiological reactions and constitutes a
target for treatment of anxiety disorders.

o Limited clinical data of selective orexin-1 receptor antag-

onists are available.

What this study adds

e The terminal half-life of ACT-539313 was 3.3-5.7 h
across dose levels, while area under the concentration-
time curve extrapolated to infinity increased approxi-
mately dose-proportionally and maximum plasma concen-
tration less than dose-proportionally.

o No relevant treatment-related effects on sedation or acti-
vation of the central nervous system were observed.

o ACT-539313 exhibits good safety and tolerability after
single-dose administration in healthy male subjects up to
400 mg.

K} at the human OX; receptor is 42 nM, thus the potency is approxi-
mately 60-fold lower.

The compound has anxiolytic effects in animal models of fear and
stress-related disorders. In a social interaction stress rat model,
ACT-539313 dose-dependently reduced behavioural and physiologi-
cal stress responses, such as locomotion, heart rate, body tempera-
ture, and mean arterial pressure. CYP3A4 is the major cytochrome
P450 enzyme involved in the in vitro metabolism of ACT-539313 in
man. So far, limited clinical data on 1-SORA in humans are avail-
able.?428 Therefore, exploration of ACT-539313 will contribute to
the understanding of the role of the orexin system in subjects with
anxiety disorders.

Here, we report the results of the first administration of ACT-
539313 to healthy male subjects in a single-ascending dose study
including tolerability and safety assessments, PK in plasma, and
assessment of potential sedative and other central nervous system
(CNS) effects using a PD test battery.

2 | METHODS

21 | Subjects

Healthy male subjects, aged between 18 and 55 years and with a

body mass index (BMI) between 18 and 29.9 kg m~2, were recruited
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in this study. Eligibility of the study participants was assessed at a
screening examination, which took place between 3 and 21 days prior
to first drug administration. The subjects were in good health, as
assessed by medical history, physical examination, 12-lead electrocar-
diogram (ECG) and clinical laboratory tests (including haematology,
clinical chemistry, urinalysis, virus serology and drug screening). Vital
signs had to be within the normal range, defined as 90-140 mmHg
for systolic blood pressure, 50-90 mmHg for diastolic blood pressure,
and 50-90 beats min~* for pulse rate. History of narcolepsy and cata-
plexy were among the exclusion criteria.

Prior to any study procedure, written informed consent was
obtained from each participant after adequate explanation of the
objectives, methods and potential hazards of the study. The ethics
committee (Ethik-Kommission des Landes Berlin, Germany) and the
German Health Authorities (BfArM) approved the protocol (EudraCT
number: 2015-003059-23). The study adhered to the Declaration of
Helsinki and was conducted according to good clinical practice.

2.2 | Study conduct

This was a single-centre, double-blind, placebo-controlled, single-
ascending oral dose study including a nested cross-over food-effect
part. Each dose level was investigated in a separate group of 8 subjects
(6 on active drug, 2 on placebo). ACT-539313 doses were 10, 30,
100, 200 and 400 mg, and effects were compared to placebo. The
study treatment was administered as capsules of 10 and 100 mg. A
starting dose of 10 mg was selected based on the PD properties in
animals and by comparing the plasma exposure in animals with
predicted human exposure derived from a physiologically based PK
model. The predicted area under the plasma concentration-time curve
(AUC) and the maximum plasma concentration (C..) were
987 ng h/mL and 198 ng/mL, while the AUC and C,,,. at the lowest-
observed-adverse-effect level in rats were 28 100 ng h/mL and
5250 ng/mL, respectively. The resulting safety margins of AUC and
Conax €Xpressed as the ratio of observed levels in the rat and predicted
values in human are 28 and 27.

For the monkey, the other toxicological species, the safety mar-
gins were larger. The study treatment was administered orally to sub-
jects under fasted conditions except for the 100-mg cohort. At this
dose level, the first treatment period under fasted conditions ended
after the observation period of 96 hours on Day 5. Following a wash-
out period of approximately 6 weeks, and review of tolerability and
safety data from the next higher dose level (200 mg), a second treat-
ment period under fed conditions was performed after intake of a
high-fat and high-calorie standardized breakfast. Dosing was done in
sitting position.

Safety and tolerability were evaluated by monitoring of adverse
events (AEs), clinical laboratory variables, vital signs, 12-lead ECG,
body weight, body temperature and physical examination. Blood pres-
sure, pulse rate and ECGs were recorded from subjects in the supine
position after having rested for 5 minutes. Venous blood samples

were taken at regular time points up to 96 hours after treatment
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administration for measuring ACT-539313 plasma levels and plasma
protein binding. Subjects were in the clinic until 48 hours after dosing.

The decision to proceed with the next higher dose level was
taken after review of the safety, tolerability, PD and PK data of the
previous dose level(s).

2.3 | Bioanalysis

Concentrations of ACT-539313 were measured using a validated
liguid chromatography coupled to tandem mass spectrometry
(LC-MS/MS) method. The internal standard, a stable isotope-labelled
analogue of ACT-539313, was dissolved in acetonitrile/dimethyl-
sulfoxide (1:1 volume:volume) and added to the plasma sample. After
vortex-mixing (Genie 2, VWR, Dietikon, Switzerland), the samples
were  centrifuged (Eppendorf  5810R, Vaudaux-Eppendorf,
Schonenbuch, Switzerland) for 20 minutes at 3250 g and 4°C. The
supernatant was injected into the high-performance LC column.

The chromatographic system consisted of a pump (LC-20 AD,
Shimadzu Schweiz GmbH, Reinach, Switzerland), an analytical column
(Symmetry C18, Waters Corporation, Milford, MA, USA; particle size
3.5 pm, 2.1 mm x 50 mm), and a gradient elution with mobile phases
consisting of water containing 0.1% formic acid and methanol.

ACT-539313 concentrations were determined with a mass spec-
trometer (APl 4000, SCIEX, Framingham, MA, USA) operating in
electrospray ionization positive-ion mode.

The method was linear in the concentration range
1.0-3000 ng mL™L. The limit of quantification was 1.0 ng mL™%. The
performance of the method was monitored using quality control sam-
ples. Inter-batch precision (coefficient of variation in % [CV%]) was
<8.0%, whereas accuracy ranged from —1.4 to +0.7%.

Plasma protein binding was determined using a rapid equilibrium
dialysis device (Thermo Fisher Scientific, Waltham, MA, USA). Plasma
aliquots were subjected to equilibrium dialysis against 100 mmol/L
phosphate-buffered saline for 3 h at 37°C. Concentration analysis
was performed by LC-MS/MS.

24 | PKanalysis
PK parameters were determined by model-independent methods
(WinNonlin Version 6.4; Pharsight, Mountain View, CA, USA) whereby

AUC was calculated using the linear trapezoidal method.?’

2.5 | PD assessments

A battery of objective and subjective PD tests (saccadic eye move-
ments, unstable tracking, simple reaction time, critical flicker fusion
[CFF], visual analogue scale [VAS] Bond and Lader, VAS Bowdle,
Karolinska sleepiness scale [KSS]) was performed pre-dose and at
regular time points up to 12 hours after drug administration under
fasted conditions to assess potential sedative and CNS effects of



KAUFMANN ET AL.

BRITISH
1380 PHARMACOLOGICAL
+ SOCIETY
i

ACT-539313. A PD training session was included on Day —1. All tests
were presented on a computer screen using the Berisoft software
(Berisoft US LLC, Redwood City, CA, USA), with exception of the sac-
cadic peak velocity assessment for which the light stimulus was pro-
jected on a screen with the Compumedics STIM 2 systems
(Compumedics Ltd, Abbotsford, Victoria, Australia), and the CFF for
which the Vienna Test System label FLIM (Schuhfried GmbH, Médling,
Austria) was used.

Saccadic peak velocity is one of the most sensitive variables for
measuring sedation. The effects of 1 night of sleep deprivation are
detectable by a decrease in peak velocity of 9-10%.2°%% In a quiet
room with dimmed illumination, saccadic eye movements were
recorded using surface electrodes placed on the skin lateral of the
eyes and connected to NuAmps amplifiers and Compumedics acquisi-

1.3% A stimulus

tion and analysis software as described by Richard et a
was projected at variable intervals at 15-20° of the eyeball rotation.
Peak velocity (°/s), the highest velocity reached during the saccade,
was measured.

The unstable tracking test was performed using customized
equipment and software as described previously.333> In this adap-
tive test, subjects were instructed to keep an unstable bar in the
middle of a horizontal plane by counteracting or reverse its move-
ments with the aid of a computer control stick. If the unstable bar
hit the edges of the plane, the subject had to start again. If
performed well, the signal instability increased. The average signal
instability (mean A) mastered by the subject was the primary out-
come of the test.

The simple reaction time test was performed to assess the psy-
chomotor function. For 5 minutes, subjects were required to press a
key when a red square appeared on screen and the mean reaction
time in ms was recorded.333¢

The CFF test is a measure of the CNS activation.®” Subjects are
required to discriminate flickering from constant (i.e. fusion) light, and
vice versa, in a set of light-emitting diodes flashing with in- or decreas-
ing frequency. The frequency at which the impression changes from
flicker to fusion (ascending frequency starting at 20 Hz) or from fusion
to flicker (descending frequency starting from 60 Hz) is known as the
flicker fusion threshold. Decreasing values of flicker fusion frequency
indicate an increase in sedation.

The VAS Bond and Lader®® has previously been applied to assess
sedative effects of drugs.”2%%° Three factors corresponding to alert-
ness, mood and calmness can be derived.

Psychedelic effects, such as internal and external perception, feel-
ing high and feeling drowsy, were monitored by an adapted version of
the VAS originally described by Bowdle et al.*® KSS was used to

assess subjects' subjective sleepiness using a 9-point scale.*

2.6 | Statistical analysis
Safety and tolerability variables were summarized descriptively by
dose group. Subjects treated with placebo were pooled for the

analyses.

PK parameters were summarized with geometric mean and
95% confidence interval (Cl) or, for time to Cpax (tmax), with
median and range. Dose proportionality was explored as
previously described.*?> Food effect was explored by a mixed-
effects model using log-transformed values of the PK parameters
as dependent variable, treatment period (fed/fasted) as fixed
effect, and subject as random effect. Geometric mean ratios
(test/reference) and 90% Cl are calculated from the corresponding
back-transformed least-square means for treatment period of the
mixed-effects models.

Exploratory analyses were performed to compare the effects of
different treatments vs placebo on PD variables. Mean changes
from baseline (saccadic eye movements, unstable tracking, simple
reaction time, CFF, VAS, KSS) were explored using mixed models
based on least square means of absolute values with dose, time,
and dose by time as fixed effects, subject as random effect, and the
average baseline value as covariate. Treatments effects were
analyzed as the contrasts between placebo and the different
ACT-539313 doses.

2.7 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMA-
COLOGY,* and are permanently archived in the Concise Guide to
PHARMACOLOGY 2019/20.444°

3 | RESULTS

Forty healthy male subjects with a mean age of 41.8 years (range:
23-55 years) and a mean BMI of 250 kg m~2 (range: 20.3--
29.2 kg m~2) participated in this study (Supplementary Table S1). The
first subject was screened on 02 February 2016 and the study dura-
tion was 4 months. The different dose groups were well balanced for
all the demographic variables and no subject withdrew prematurely

from the study.

31 | PK

ACT-539313 concentration-time profiles across the studied doses
are presented in Figure 1 (arithmetic mean + standard deviation). PK
parameters from the noncompartmental analysis are summarized in
Table 1. Under fasted conditions, ACT-539313 was absorbed with a
median tn.x ranging from 0.7 to 1.0 hours at low doses
(i.e. 10-30 mg) and 2.0 to 3.5 hours at doses of 2100 mg. The elimina-
tion phase was characterized by an apparent mean terminal half-life
(t1/0) of 3.3- 5.7 hours independent of dose. The observed increase in
AUC extrapolated to infinity (AUCq.inf) Was approximately dose-pro-
portional, whereas C,.., increased dose-proportionally from 10 to
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TABLE 1

and fed), 200 and 400 mg
Dose (mg) n Cax (ng/mL) tmax (h)
10 6 198.3 (149.2, 263.5) 1.0(1.0, 1.0)
30 6 580.6 (368.7, 914.2) 0.7 (0.5, 1.0)
100 (fasted) 6? 651.8 (439.6, 966.3) 2.0(1.5,12.0)
100 (fed) 6? 1064.8 (730.1, 1553.1) 3.0(2.0,4.0)
200 6 1142.9 (739.9, 1765.3) 2.5(1.0,8.0)
400 6 2071.5 (1545.3, 2776.9) 3.5(2.0,11.8)

36 48 60 72 84 96

Time after administration (h)

Pharmacokinetic parameters of ACT-539313 in healthy male subjects after administration of a single dose of 10, 30, 100 (fasted

AUCq.ins (ng h/mL) t1/2 (h) Fraction unbound (%)
677.0(392.3,1168.4) 3.3(2.3,49) 0.26 (0.21,0.32)
2621.4 (1375.2,4997.0) 5.6 (4.1,7.7) 0.29 (0.21, 0.38)
7710.2 (4715.4, 12607.1) 5.0(3.7,7.0) 0.4 (0.32,0.51)
7987.3 (4448.7, 14340.6) 4.0(3.0,5.5) ND
17980.9 (11354.5, 28474.4) 5.7 (4.6,7.1) 0.54 (0.39,0.77)
39407.8 (28957.1, 53630.2) 52 (4.1, 6.6) 0.76 (0.65, 0.87)

AUC s, area under the concentration-time curve from zero to infinity; Cl, confidence interval; C,.x, maximum plasma concentration; ND, not done; t,nax,

time to maximum concentration; tq,,, terminal half-life.

Data are geometric means (and 95% ClI) or, for tmax the median (and range).

“The food effect was evaluated in a cross-over design, i.e., the same subjects that received 100 mg ACT-539313 under fasted conditions also received the

treatment under fed conditions (after a wash-out period of at least 6 weeks).

30 mg and less than proportionally thereafter (Figure 3). At all dose
levels, > 99% of the compound was bound to plasma protein at
2 hours postdose. The fraction unbound increased from 0.26% at the
lowest dose to 0.76% at the highest dose.

A 63% increase in Cyax Was observed in the presence of food (ratio
of geometric means fed/fasted [90% Cl], 1.63 [1.26-2.11]), whereas
AUCq ¢ remained unchanged after a high-fat and high-calorie meal
(ratio of geometric means fed/fasted [90% Cl], 1.04 [0.89-1.21]).
Absorption of ACT-539313 was slightly delayed by food as indicated by
a value for t . of 3 hours when compared to 2 hours under fasted con-
ditions (median difference [90% Cl], 0.5 hours [-4.49-2.45]), and elimi-
nation rate was marginally increased with a t1,, of 4.0 hours under fed
and 5.0 hours (ratio of geometric means fed/fasted [90% Cl], 0.80
[0.60-1.06]) under fasted conditions (Figure 2).

32 | PD

Figure 4 shows the time course for the mean change from baseline after
ACT-539313 and placebo on saccadic peak velocity, unstable tracking,
simple reaction time, and subjective alertness. The estimated treatment

effect assessed during the 12-hour period after dosing as compared to
placebo revealed that treatment with 200 and 400 mg ACT-539313
resulted in a statistically significant decrease of saccadic peak velocity
with a maximum effect 3 hours postdose (—47 and —43°/s or —9.2
and —8.3% for 200 and 400 mg, P = .0190 and .0243, respectively). The
effects returned to baseline within 12 hours after drug intake. Overall,
no relevant changes in unstable tracking results were detected (Table 2).
The maximum mean decrease in tracking performance was 0.11
observed 3 hours postdose in the 400 mg-dose group, corresponding to
a decrease of <5% (P = .3158). No consistent changes were seen for the
simple reaction time and the alertness score.

Moreover, ACT-539313 had no relevant effects on CFF, mood,
calmness, subjective internal and external perception, feeling drowsy,

feeling high, and KSS (data not shown).

3.3 | Safety and tolerability
No serious or severe AE occurred, and all AEs resolved without
sequelae. ACT-539313 was well tolerated and there was no increase

in number and intensity of AEs with increasing doses.
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In total, 13 AEs were reported by 11 subjects (27.5%). Under
fasted conditions, of the 30 subjects treated with ACT-539313,
9 (30%) subjects reported a total of 11 AEs. None of the 10 subjects
treated with placebo under fasted conditions reported AEs.

After administration of 100 mg ACT-539313 under fed condi-
tions, 1 subject (16.7%) reported 1 AE, while 3 (50%) subjects
reported a total of 4 AEs under fasted conditions. The only AEs
reported by more than 1 subject were somnolence and headache
reported by 5 (16.7%) and 3 (10.0%) subjects, respectively, on ACT-
539313 (Table 3). While all 3 cases of headache were reported at least
7 hours after study treatment administration, all 5 cases of somno-
lence had an onset 30 minutes after ACT-539313 administration. Out
of 13 AEs, 10 were related to study treatment, of which 8 were mild
and 2 were moderate in intensity. All of them resolved within 13 hours
after onset. Both moderate AEs were headache events, had the lon-
gest duration (of 5 and 13 h), and were reported for the 10 and

400 mg (n=6)

200 mg (n=6)

4 & ]

Time aler administration (h)

10

100 mg (n=6)
30 mg(n=6)

10 mg (n=6)
Placebo (n=10)

L B B

Time afier administration (h)

FIGURE 4 Time course of the mean (+ standard deviation) change from baseline for (A) saccadic peak velocity, (B) simple reaction time,
(C) unstable tracking performance and (D) alertness after administration of single doses of ACT-539313 under fasted conditions (10, 30,

100, 200, 400 mg) or placebo
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TABLE 2 Maximum mean changes from baseline (CFB) in pharmacodynamic tests

Dose (mg) n Saccadic peak velocity (°/s) Unstable tracking, mean A Simple reaction time (ms) VAS alertness (%)
B Baseline CFB Baseline CFB Baseline CFB Baseline CFB

10 6 522.0(93.1) —27.1(16.0) 2.15(0.37) 0.14 (0.16) 334.3(28.8) 13.5(24.7) 50.62 (0.81) —0.72(0.72)
30 6° 491.3(52.8) —28.9 (22.0) 2.19 (0.29) 0.05 (0.16) 297.5(13.1) 24.5(23.1) 50.41 (2.59) —1.52(3.32)
100 (fasted) 6 500.4 (48.2) —-11.9 (14.4) 2.27 (0.54) 0.10 (0.19) 339.3(21.3) 19.0 (36.7) 50.07 (0.12) —0.72(1.20)
200 6 509.6 (76.6) —46.9 (26.4) 1.95(0.14) 0.09 (0.33) 330.1 (36.5) —15.2 (54.1) 50.06 (0.30) —0.74 (1.28)
400 6 518.2 (74.9) —43.2 (22.6) 2.55(0.67) 0.11 (0.14) 315.6 (31.1) -17.1(7.4) 50.02 (0.11) —0.63 (1.56)
Placebo 10 502.6 (53.9) —11.5(23.5) 2.33(0.36) 0.12 (0.25) 335.1(34.5) —10.9 (48.3) 50.36 (0.83) —0.34 (1.05)

Data are presented as mean (standard deviation) for baseline and maximum CFB.

®n = 4 for simple reaction time due to missing baseline assessments.

TABLE 3 Summary of adverse events (AEs) by treatment reported after single-dose administration of ACT-539313 (including adverse events
judged to be unrelated to study drug)
ACT-539313
10 mg 30 mg 100 mg 200 mg 400 mg Placebo Total
Treatment (n=6) (n=6) (n=6) (n=6) (n=6) (n=10) (n = 40)
Condition Fasted Fed Fasted Fed
Total subjects with AEs 2 1 3 1 1 2 - 1 11
Total number of AEs 2 1 4 1 1 3 - 1 13
Number of subjects reporting the AEs
Somnolence - - 2 - 1 2 - - 5
Headache 1 1 = 1 = = = = 3
Hypervigilance - - 1 - - - - - 1
Restlessness - - - - - 1 - - 1
Toothache - - - - - - - 1 1
Medical device site irritation 1 = = = = = = = 1
Rhinitis - - 1 - - - - - 1

100 mg doses under fed conditions, respectively. Overall, no apparent
dose relationship in number, intensity or duration of AEs was
observed.

There were no clinically relevant effects of ACT-539313 on vital
signs, ECG recordings, body weight, body temperature, clinical labora-

tory variables or physical examination.

4 | DISCUSSION
This is the first manuscript reporting on administration of a 1-SORA
compound to human subjects. In this study, ACT-539313 was admin-
istered for the first time to healthy subjects, exploring safety, tolera-
bility, PK, and PD properties.

The PK profile of ACT-539313 was characterized by a fast
absorption with a median t,, of 0.7 to 3.5 hours. Afterwards, plasma
levels decreased with a t;,, of 3.3-5.7 hours across dose levels. Peak
exposure C.x increased in a dose-proportional manner from 10 to

30 mg only. Thereafter, the increase was less than dose-proportional,

which might be explained by the limited solubility of ACT-539313 in
aqueous solutions (practically insoluble at pH 6.5). Overall AUCq_jnf,
however, was approximately dose-proportional.

The effect of food on the PK of ACT-539313 was assessed
according to recommendations of the FDA.#® In the presence of food,
the absorption of ACT-539313 was delayed as indicated by a median
tmax that shifted from 2 hours under fasted to 3 hours under fed con-
ditions and a t1,, decreased from 5 hours under fasted to 4 hours
under fed conditions. When compared to the fasted state, exposure
as based on AUC i, was not affected by food intake whereas C,.x
was increased by 63%. Taken together, these observations could indi-
cate an apparent increase in the rate but not the extent of absorption
of ACT-539313 in the presence of food. When compared to the bio-
equivalence limit of a geometric mean ratio (test/reference) of expo-
sure of 0.8-1.25, the geometric mean ratio and its 90% Cl for AUC
remained within the limits, confirming the absence of a food effect on
exposure.*® For Cpmay and tq,5, the geometric mean ratios and their
90% Cl were not within bioequivalence limits. The presence of a food
effect on t.x of ACT-539313 was not confirmed by the analysis of
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the median difference between fed and fasted state due to consider-
able variability. A faster solubilization of lipophilic compounds after a
high-fat meal could have caused the enhanced rate of absorption and,
subsequently, an increase in Crax.*”

The ACT-539313 fraction unbound to plasma protein was <1% in
all dose groups. The increase of dose was associated with an increase
of the free fraction from 0.26 to 0.76%. Based on in vitro data,
concentration-dependent plasma protein binding was observed across
several species and was, therefore, expected.

A series of PD tests were performed in order to explore the
effects of ACT-539313 on various CNS functions. The VAS Bond and
Lader and the VAS Bowdle were implemented to assess potential
changes in subjective feelings of sedation or psychedelic effects.®84°
No remarkable changes were observed for any score except for the
changes in saccadic eye movements. Saccadic peak velocity, as an
objective measure of sedation,3? was significantly decreased at the
highest 2 dose levels compared to placebo, with the lowest values
observed at 3 hours postdose, which is in line with the observed
median tn,.x of the compound at higher doses. However, the largest
decrease from baseline was, with 47°/s, still smaller than decreases up
to approximately 87 or 60°/s observed for the DORAs daridorexant
and almorexant at clinically relevant doses after single-dose adminis-
tration.”*® In line with the frequent reporting of somnolence, a signifi-
cant feature of DORAs is the distinct decrease in alertness-assessing
PD variables. Besides saccadic peak velocity, simple reaction time was
observed to increase dose-dependently after single-dose administra-
tion of the DORA suvorexant,** while no dose dependency could be
established for ACT-539313, as reaction times even decreased at the
highest dose level. Moreover, for DORAs daridorexant and
almorexant, decreases of 15.5% in changes from baseline and 6.1% in
least square means compared to placebo after single-dose administra-
tion, respectively, were reported for adaptive tracking,”*® whereas
the largest corresponding decrease from baseline for ACT-539313
was <5%. Regarding subjective assessments, subjects felt up to 20%
less alert, based on the VAS alertness score, following single-dose

t”48 or fol-

administration of the DORAs daridorexant and almorexan
lowing the first dose of the selective OX, receptor antagonist
(2-SORA) seltorexant,X* but the score remained unchanged upon
ACT-539313 administration (Figure 4).

Overall, these effects confirm CNS activity of the 1-SORA ACT-
539313 without profound effects on sedation, vigilance or visuo-
motor coordination, which have been described for DORAs or
2-SORAs. Furthermore, saccadic peak velocity has also been consid-
ered as a biomarker for the anxiolytic component of benzodiazepines
and newly developed compounds with potential anxiolytic effects.>®

Single-dose administrations of ACT-539313 were well tolerated.
The maximum tolerated dose was not reached. No severe or serious
AEs were reported and no subject was prematurely withdrawn from
the study. The intensity of the AEs was mostly mild with only 2 moder-
ate AEs reported. All AEs resolved without sequelae. Somnolence and
headache were reported most frequently. Similarly, in a study with
JNJ-61393215 (a high affinity and potent 1-SORA) the most common

treatment-emergent AEs in all treatment groups were somnolence

and headache. The overall incidence of somnolence following single-
dose administrations was approximately 15% for subjects on active
drug which is comparable to the 17% observed for ACT-539313.
However, the proportions of subjects who manifested somnolence
appeared comparable between the placebo and JNJ-61393215 treat-
ment arms.>?

As the orexin system is known to promote wakefulness,?? similar
AEs have been reported for DORAs”10485354 o1 2_.SORAs. 1314 How-
ever, the contribution of the OX, receptor in maintaining the sleep-
wake cycle is larger than of the OX; receptor,®® which explains the
low number of sleep-associated AEs for the 1-SORAs ACT-539313
and JNJ-61393215 compared to DORAs and 2-SORAs: while somno-
lence was reported by 17% of subjects after a single dose of ACT-
539313 or 18% after single and multiple doses of JNJ-61393215,>1
33 and 53% of subjects reported somnolence after ascending single
of the DORAs

daridorexant,*® whereas following multiple-dose administration of

oral dose administrations almorexant” and
suvorexant®® 57% of subjects reported somnolence. Furthermore,
87% of subjects reported somnolence after the first administration of
the 2-SORA seltorexant in a multiple-dose trial.1* Based on the appar-
ent potencies of ACT-539313 at OX; and OX, receptors, a contribu-
tion of OX, receptor antagonism, however, to the observed
somnolence cannot be completely excluded.

Neither the number of subjects reporting any AEs, the total num-
ber, the intensity nor the duration of AEs indicated a dose-depen-
dency. The tolerability and safety profile in the presence of food
showed a decrease of the number of AEs compared to fasted condi-
tions, however, the good tolerability profile at higher doses indicates
that this finding may be linked to the small sample size. No treatment-
related pattern was detected that suggested an effect of single doses
of ACT-539313 on vital signs, clinical chemistry, haematology, urinaly-
sis, body weight, body temperature, ECG variables or morphology.

The PK profile of ACT-539313 is compatible with a twice daily
dosing regimen regardless of food intake. As such, multiple-dose stud-
ies have in the meantime been conducted, of which the results are to
be reported separately. Together with the good safety and tolerability
profile and PD properties, further investigations are warranted to
assess ACT-539313 as the first 1-SORA for the treatment of anxiety
disorders.
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